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Method  of  blowing  fuses  in  an  IC,  for  example  for  writing  information  into  a  fuse-type  ROM. 

(§p  Fuses  (1)  are  formed  on  an  insulating  film  (2),  are  con- 
nected  to  conductor  lines  (6,  7)  and  are  covered  by  a  protec- 
tive  film  (8).  A  ramp  voltage  is  applied  so  as  to  blow  the  fuses 
without  breaking  the  protective  film. 
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 Fuses   (1)  are  formed  on  an  insulating  film  (2),  are  con- 
nected  to  conductor  lines  (6,  7)  and  are  covered  by  a  protec- 
tive  film  (8).  A  ramp  voltage  is  applied  so  as  to  blow  the  fuses 
without  breaking  the  protective  film. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of  b l o w i n g  

f u s e s   in  an  IC,  f o r   e x a m p l e   a  f u s e - t y p e   ROM, 

more  p a r t i c u l a r l y   to   a  m e t h o d   of   e l e c t r i c a l l y   b l o w i n g  
( i . e . ,   o p e n i n g )   a  f u s e   f o r m e d   in   a  memory  d e v i c e   f o r  

p r o g r a m m i n g .  

S e m i c o n d u c t o r   memory  d e v i c e s   p r o v i d e d   w i t h   f u s e s  

i n c l u d e   a  f u s e - t y p e   ROM  and   a  r a n d o m   a c c e s s   memory   (RAM) 

w i t h   r e d u n d a n t   c i r c u i t s .   In  a  f u s e - t y p e   ROM  ( i . e . ,   a  

f u s e - l i n k - p r o g r a m m a b l e   ROM),  t h e   f u s e s   a r e   s e l e c t i v e l y  

b l o w n   in  o r d e r   to   w r i t e   i n f o r m a t i o n ,   and  in   a  RAM  w i t h  

r e d u n d a n t   c i r c u i t s ,   t h e   f u s e s   a r e   s e l e c t i v e l y   b l o w n   i n  

o r d e r   to   r e p l a c e   a  row  or   c o l u m n   c o n t a i n i n g   a  bad   b i t  

( i . e . ,   d e f e c t i v e   memory   c e l l )   w i t h   a  s p a r e   row  or   c o l u m n :  

t h e   r e p l a c e d   p o r t i o n   of  t h e   RAM  can   be  r e g a r d e d   as  a  ROM 

p o r t i o n .   The  f u s e   b l o w o u t   i s   a c h i e v e d   by  a p p l y i n g  

e x c e s s   c u r r e n t   and  v o l t a g e   to   t h e   f u s e .  

In  g e n e r a l ,   a  f u s e   in   t h e   memory  d e v i c e   i s   made  o f  

a  f u s i b l e   m a t e r i a l ,   e . g . ,   p o l y c r y s t a l l i n e   s i l i c o n ,   i s  

f o r m e d   on  an  i n s u l a t i n g   f i l m ,   and  i s   c o v e r e d   w i t h   a  

p r o t e c t i v e   f i l m ,   e . g . ,   a  p h o s p h o s i l i c a t e   g l a s s   (PSG)  
f i l m   ( r e f e r e n c e   e x a m p l e ,   c f .   D a v i d   W.  G r e v e ,   " P r o g r a m m i n g  
M e c h a n i s m   of  P o l y s i l i c o n   R e s i s t o r   F u s e s " ,   IEEE  T r a n s a c -  

t i o n s   on  E l e c t r o n   D e v i c e s ,   v o l .   E D - 2 9 ,   N o .  4 ,   A p r i l   1 9 8 2 ,  

pp.   719  to   7 2 4 ,   p a r t i c u l a r l y ,   F i g .   l b ) .   U s u a l l y   t h e  
f u s e   has   t h e   s h a p e   of   a  b o w - t i e ,   i . e . ,   a  l o n g   n a r r o w .  

c e n t e r   p o r t i o n   and   two  w i d e r   pad   p o r t i o n s .   The  two  p a d  
p o r t i o n s   a r e   j o i n e d   by  t h e   c e n t e r   p o r t i o n   and   a r e  
c o n n e c t e d   w i t h   c o n d u c t o r   l i n e s ,   e . g . ,   a l u m i n u m   l i n e s ,  

r e s p e c t i v e l y .  

The  f u s e   i s   b l o w n   by  f e e d i n g   i t   an  e x c e s s   c u r r e n t ,  



and  a  p u l s e   v o l t a g e   i s   a d o p t e d   as  t h e   a p p l i e d   v o l t a g e .  

When  t h e   f u s e   i s   b l o w n ,   i t   b u r s t s   in   s u c h   a  m a n n e r   t h a t  

t h e   p r o t e c t i v e   PSG  f i l m   i s   a l s o   b r o k e n ,   f o r m i n g   a n  

o p e n i n g   in   t h e   f i l m .   T h i s   o p e n i n g   m u s t   be  f i l l e d   b y  

r e - f o r m i n g   t h e   p r o t e c t i v e   PSG  f i l m   to   p r e v e n t   t h e  

i n g r e s s   of   c o n t a m i n a n t s .  

An  e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   can  p r o v i d e   a  
m e t h o d   of   e l e c t r i c a l l y   b l o w i n g   a  f u s e   w i t h o u t   b r e a k i n g   a  

p r o t e c t i v e   f i l m   f o r m e d   on  t h e   f u s e ,   in   o r d e r   to   w r i t e  

i n f o r m a t i o n   i n t o   a  memory  d e v i c e .  

T h i s  a n d   o t h e r  f e a t u r e s   of  an  embodiment  of  the   p r e s e n t  
i n v e n t i o n   a r e   a t t a i n e d   by  a  m e t h o d   of  w r i t i n g   i n f o r m a t i o n  

i n t o   a  f u s e - t y p e   ROM  p r o v i d e d   w i t h   f u s e s   by  s e l e c t i v e l y  

and  e l e c t r i c a l l y   b l o w i n g   t h e   f u s e s   w h i c h   a r e   f o r m e d   o n  

an  i n s u l a t i n g   f i l m   on  a  s u b s t r a t e ,   a r e   c o n n e c t e d   t o  

c o n d u c t o r   l i n e s ,   and   a r e   c o v e r e d   by  a  p r o t e c t i v e   f i l m ,  

c h a r a c t e r i z e d   in   t h a t   a  ramp  v o l t a g e   i s   u s e d   as  a n  

a p p l i e d   v o l t a g e   f o r   b l o w i n g   t h e   f u s e s ,   to   b l o w   t h e   f u s e s  

w i t h o u t   b r e a k i n g   t h e   p r o t e c t i v e   f i l m .  

I t   i s   p r e f e r a b l e   t h a t   t h e   ramp  v o l t a g e   i n c r e a s e ,   e . g .  

l i n e a r l y , i n   v a l u e   a t   a  r a t e   of   f rom  103  to   105  V / s e c  

to   a  p e a k   v a l u e .   I f   t h e   i n c r e a s e   r a t e   f o r   t h e   v o l t a g e  

i s   more   t h a n   105  V / s e c ,   s u c h   v o l t a g e   i s   s i m i l a r   to   a  

p u l s e   v o l t a g e   and  t h e   p r o t e c t i v e   f i l m   c o v e r i n g   t h e   f u s e s  

w i l l   be  b r o k e n   in   s u c h   a  m a n n e r   as  to   f o r m   o p e n i n g s   i n  

t h e   f i l m .   I f   t h e   i n c r e a s e   r a t e   f o r   t h e   v o l t a g e   i s   f r o m  

a b o u t   10  to   103  V / s e c ,   a c c o r d i n g   to   e x p e r i m e n t s   c a r r i e d  

o u t   by  t h e   i n v e n t o r ,   t h e   p r o t e c t i v e   f i l m   i s   s o m e t i m e s  

b r o k e n .   F u r t h e r m o r e ,   i f   t h e   i n c r e a s e   r a t e   f o r   t h e  

v o l t a g e   i s   l e s s   t h a n   5  V / s e c ,   t h e   a l u m i n u m   p o s i t i v e   p o l e  

l i n e   of   t h e   c o n d u c t o r   l i n e s   b e c o m e s   m o l t e n   and  f l o w s   t o  

, f o r m   a  v e r y   t h i n   a l u m i n u m   f i l m ,   so  t h a t   a  s h o r t   c o n d i t i o n  

o c c u r s   and   t h e   f u s e   i s   n o t   b l o w n .  

The  p r e s e n t   i n v e n t i o n   w i l l   be  more   a p p a r e n t   f r o m  

t h e   d e s c r i p t i o n   of   t h e   e x e m p l a r y   e m b o d i m e n t s   s e t   f o r t h  



b e l o w ,   w i t h   r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n  

w h i c h :  

F i g .   1  i s   a  p a r t i a l   p l a n   v i e w   of  a  m e m o r y  
d e v i c e   p r o v i d e d   w i t h   a  f u s e ;  

F i g .   2  i s   a  s e c t i o n a l   v i e w   t a k e n   on  l i n e   I I - I I  

in  F i g .   1 ;  

F i g .   3  i s   a  w a v e f o r m   d i a g r a m   of  a  ramp  v o l t a g e  
for  b lowing  fuses   a c c o r d i n g   to  an  embodiment  of  the  p r e s e n t   i n v e n t i o n ;  

F i g .   4  i s   an  a n o t h e r   wave   f o r m   d i a g r a m   of   a  

ramp  v o l t a g e   a c c o r d i n g   to  an  enbodiment   of  the  p r e s e n t   i n v e n t i o n  ;  

F i g .   5  i s   a  w a v e f o r m   d i a g r a m   of  a  c o n v e n t i o n a l  

p u l s e   v o l t a g e   f o r   b l o w i n g   f u s e s ;  

F i g .   6  i s   a  p a r t i a l   p l a n   v i e w   of  a  m e m o r y  
d e v i c e   p r o v i d e d   w i t h   a  f u s e ,   u s e d   f o r   e x p e r i m e n t s ;  

F i g .   7  i s   an  s c a n n i n g   e l e c t r o n   m i c r o s c o p e  

(SEM)  p h o t o g r a p h   of   a  f u s e   a f t e r   i t   ha s   b e e n   b l o w n   w i t h  

a  p u l s e   v o l t a g e ;  

F i g .   8  i s   an  e n l a r g e d   SEM  p h o t o g r a p h   of   t h e  

f u s e   shown  in  F i g .   7 ;  

F i g .   9  i s   an  SEM  p h o t o g r a p h   of  a  f u s e   a f t e r   i t  

has   b e e n   b l o w n   w i t h   a  ramp  v o l t a g e ; .  

F i g .   10  i s   a  m i c r o p h o t o g r a p h   of  a  f u s e   w i t h  

a  p r o t e c t i v e   f i l m   a f t e r   i t   ha s   b e e n   b l o w n   w i t h   a  r a m p  

v o l t a g e .  

R e f e r r i n g   to  F i g s .   1  a n d   2,  a  f u s e   s e c t i o n   of  a  

memory   d e v i c e   c o m p r i s e s ,   in   g e n e r a l ,   a  f u s e   1  ( o f ,   e . g . ,  

p o l y c r y s t a l l i n e   s i l i c o n ) ,   an  i n s u l a t i n g   f i l m   2  ( o f ,   e . g . ,  

S i 0 2 )   u n d e r   t h e   f u s e ,   a  p r o t e c t i v e   f i l m   8  ( o f ,   e . g . ,   PSG)  

on  t h e   f u s e ,   and  c o n d u c t o r   l i n e s   6  and  7  ( o f ,   e . g . ,  

a l u m i n u m )   c o . n n e c t e d   w i t h   t h e   f u s e .   The  f u s e   1  h a s  

a  b o w - t i e   s h a p e   c o n s i s t i n g   o f   a  l o n g   n a r r o w   c e n t e r  

p o r t i o n   3  and  two  w i d e r   pad   p o r t i o n s   4  and  5  w h i c h   a r e  

j o i n e d   to   t h e   c e n t e r   p o r t i o n   and  a r e   c o n n e c t e d   w i t h  t h e  

c o n d u c t o r   l i n e s   6  and  7,  r e s p e c t i v e l y .   The  i n s u l a t i n g  

l a y e r   2  i s   f o r m e d   on  a  s u b s t r a t e   9  ( o f ,   e . g . ,   s i n g l e  

c r y s t a l l i n e   s i l i c o n ) .   F i g u r e   1  shows   t h e   f u s e   s e c t i o n  



w i t h o u t   t h e   p r o t e c t i v e   f i l m   8 .  

The  f u s e   s e c t i o n   i s   p r o d u c e d   in   a c c o r d a n c e   w i t h  

a  c o n v e n t i o n a l   p r o c e s s   as  f o l l o w s .   F i r s t ,   t h e   S i 0 2  
i n s u l a t i n g   f i l m   2  i s   f o r m e d   on  t h e   s i l i c o n   s u b s t r a t e  

( w a f e r )   9  by  a  t h e r m a l   o x i d i z i n g   m e t h o d   or   a  c h e m i c a l  

v a p o r   d e p o s i t i o n   (CVD)  m e t h o d .   A  p o l y c r y s t a l l i n e   s i l i c o n  

l a y e r   i s   f o r m e d   on  t h e   i n s u l a t i n g   f i l m   2  and  i s   s h a p e d  
i n t o   a  f u s e   1,  as  shown  in  F i g .   1,  by  a  c o n v e n t i o n a l  

l i t h o g r a p h i c   m e t h o d   ( e . g . ,   a  p h o t o e t c h i n g   m e t h o d ) .   T h e  

s h a p e   of   t h e   f u s e   1  u s u a l l y   c o n s i s t s   of  a  l o n g   n a r r o w  

c e n t e r   p o r t i o n   3,  w h i c h   i s   t h e   p o r t i o n   to   be  b r o k e n ,   a n d  

s q u a r e   pad   p o r t i o n s   4  and  5,  w h i c h   a r e   j o i n e d   by  t h e  

c e n t e r   p o r t i o n   3.  I t   i s   p o s s i b l e   to  u s e   n i c k e l - c h r o m i u m  

a l l o y   ( N i C r ) ,   t i t a n i u m - t u n g s t e n   a l l o y   ( T i W ) ,   or   p l a t i n u m  

s i l i c i d e   ( P t S i )   as  t h e   f u s e   m a t e r i a l   i n s t e a d   of   p o l y -  

c r y s t a l l i n e   s i l i c o n .  

N e x t ,   in   o r d e r   to   f o r m   t h e   c o n d u c t o r   l i n e s   6  and  7 ,  

an  a l u m i n u m   or   a l u m i n u m - b a s e   a l l o y   ( e . g . ,   Al-2%  S i ,  

A l - l %   Cu)  i s   d e p o s i t e d   on  t h e   e x p o s e d   s u r f a c e   and  i s  

s h a p e d   i n t o   a  p r e d e t e r m i n e d   p a t t e r n   by  a  c o n v e n t i o n a l  

l i t h o g r a p h i c   m e t h o d   ( e . g ,   a  p h o t o e t c h i n g   m e t h o d ) .  

The  a l u m i n u m   c o n d u c t o r   l i n e s   6  and  7  a r e   e l e c t r i c a l l y  

c o n n e c t e d   to   t h e   pad   p o r t i o n s   4  and  5  of  t h e   f u s e   1.  I t  

i s   p o s s i b l e   to   f o r m   e a c h   of   t h e   c o n d u c t o r   l i n e s   6  and  7 

as  a  d o p e d   p o l y c r y s t a l l i n e   s i l i c o n  

l i n e   and  an  a l u m i n u m   (o r   an  a l u m i n u m - b a s e   a l l o y )   p i e c e  

w h i c h   l i e s   on  e a c h   of   t h e   pad  p o r t i o n s   and  on  e a c h   d o p e d  

p o l y c r y s t a l l i n e   s i l i c o n   l i n e ,   c o n n e c t i n g   t h e m   t o g e t h e r .  

F i n a l l y ,   t h e   PSG  p r o t e c t i v e   f i l m   8  i s   f o r m e d   on  t h e  

e x p o s e d   s u r f a c e s   of   t h e   f u s e   1,  t h e   c o n d u c t o r   l i n e s   6 

and  7,  and   t h e   i n s u l a t i n g   f i l m   2 , b y   a  CVD  m e t h o d .   I t   i s  

p o s s i b l e   to   u s e   s i l i c o n   d i o x i d e   o r   s i l i c o n   n i t r i d e   a s  

t h e   m a t e r i a l   f o r   t h e   p r o t e c t i v e   f i l m   i n s t e a d   o f   P S G .  

A  ramp  v o l t a g e   i s   a p p l i e d   to   t h e   f o r m e d   p o l y -  

c r y s t a l l i n e   s i l i c o n   f u s e   1.  T h i s   ramp  v o l t a g e   i s  

i n c r e a s e d   a t   a  c o n s t a n t   r a t e   of   f rom  1 0   to   105  V / s e c ,  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   so  as  to   b l o w   t h e  



c e n t e r   p o r t i o n   3  of  t h e   f u s e   1.  The  ramp  v o l t a g e   h a s ,  

f o r   e x a m p l e ,   a  w a v e f o r m   as  shown  in  F i g .   3,  and  s u c h   a  

ramp  v o l t a g e   can   be  o b t a i n e d   by  a  ramp  g e n e r a t o r .   S i n c e  

t h e   f u s e   1  i s   b l o w n   b e f o r e   t h e   ramp  v o l t a g e   a t t a i n s   i t s  

p e a k   v a l u e ,   t h e   ramp  v o l t a g e   may  h a v e   a n o t h e r   w a v e f o r m ,  e . g .  

as  shown  in   F i g .   4.  When  t h e   f u s e   1  i s   b l o w n   i n  

a c c o r d a n c e   w i t h   t h e   p r e s e n t   i n v e n t i o n ,   i t   i s   f o u n d   t h a t  

an  o p e n i n g   i s   n o t   f o r m e d   a t   t h e   p o r t i o n   o f   t h e   PSG 

p r o t e c t i v e   f i l m   8  c o r r e s p o n d i n g   to   t h e   b l o w n   p o r t i o n   o f  

t h e   f u s e   1.  From  o b s e r v a t i o n   of   t h e   b l o w n   f u s e   1,  i t   i s  

f o u n d   t h a t   a l u m i n u m   f l o w s   t h i n l y   f rom  t h e   p o s i t i v e   p o l e  

s i d e   of   t h e   c o n d u c t o r   l i n e   6  (or   7)  to   t h e   n e g a t i v e   p o l e  

s i d e   of   t h e   o t h e r   c o n d u c t o r   l i n e   7  (o r   6)  f o r   an  i n s t a n t  

a t   t h e   i n i t i a l   s t a g e   of   t h e   m e l t i n g   of   t h e   p o l y c r y s t a l -  

l i n e   s i l i c o n   of   t h e   f u s e   1,  f o r m i n g   a  v e r y   t h i n   a l u m i n u m  

f i l m ,   and  s u b s e q u e n t l y   t h e   f u s e   i s   b l o w n .   I t   i s   t h o u g h t  

t h a t  .   p a r t   of   t h e   c u r r e n t   f l o w s   t h r o u g h   t h i s   v e r y  
t h i n   a l u m i n u m   f i l m ,   t h e r e b y   d e c r e a s i n g   t h e   h e a t i n g  

r a t e   i m m e d i a t e l y   b e f o r e   t h e   b l o w o u t ,   so  t h a t   t h e   PSG 

p r o t e c t i v e   f i l m   8  i s   n o t   b r o k e n .  

Where   t h e   f o r m e d   f u s e   i s   b l o w n   by  a p p l y i n g   a  p u l s e  

v o l t a g e ,   as  shown  in  F i g .   5,  a  t h i n   a l u m i n u m   f i l m   i s  

n o t   f o r m e d ,   as  t h e r e   i s   no  f l ow  of   a l u m i n u m ,   and   a n  

o p e n i n g   i s   f o r m e d   a t   a  p o r t i o n   of   t h e   PSG  p r o t e c t i v e  

f i l m   8  c o r r e s p o n d i n g   to   t h e   b l o w n   p o r t i o n   o f  t h e   f u s e   1 .  

E x a m p l e  

A  p o l y c r y s t a l l i n e   s i l i c o n   f u s e ,   as  shown  in   F i g .   6 ,  

i s   p r o d u c e d   and  i s   e l e c t r i c a l l y   b l o w n   w i t h   a  p u l s e  

v o l t a g e   or   a  ramp  v o l t a g e .  

An  SiO2  f i l m   32  ( h a v i n g   a  t h i c k n e s s   of   1 .0   µm)  i s  

f o r m e d   on  a  s i l i c o n   w a f e r   ( n o t   shown)   by  a  t h e r m a l  

o x i d i z i n g   m e t h o d .   Two  g r o o v e s   3 8 . a n d   39  ( h a v i n g   a  d e p t h  

of   0 .7   µm,  a  w i d t h   A  of  5  µm,  and  a  d i s t a n c e   B  b e t w e e n  

t h e   g r o o v e s   of   6  µm)  a r e   f o r m e d   by  s e l e c t i v e l y   e t c h i n g  
t h e   SiO2  f i l m   32.   A  p o l y c r y s t a l l i n e   s i l i c o n   l a y e r  

( h a v i n g   a  t h i c k n e s s   of  0 . 4   µm)  i s   d e p o s i t e d   on  t h e   S i O 2  
f i l m   32  and  i s   s e l e c t i v e l y   e t c h e d   to   f o r m   a  b o w - t i e  



s h a p e d   f u s e   31  ( F i g .   6 ) .   The  f u s e   31  c o n s i s t s   of  a  l o n g  

n a r r o w   c e n t e r   p o r t i o n   33  ( h a v i n g   a  w i d t h   W  of   6  µm)  a n d  

two  pad   p o r t i o n s   34  and  35.  An  a l u m i n u m   f i l m   ( h a v i n g   a  
t h i c k n e s s   of  1 .0   µm)  i s   d e p o s i t e d   on  t h e   s u r f a c e s   o f  

t h e   S i02   f i l m   32  and  t h e   f u s e   31  by  a  v a p o r   d e p o s i t i o n  
m e t h o d   and  i s   s e l e c t i v e l y   e t c h e d   to   f o r m   two  c o n d u c t o r  

l i n e s   36  and  37.   The  end  p o r t i o n   of   e a c h   of   t h e   a l u m i n u m  

c o n d u c t o r   l i n e s   36  and  37  c o r r e s p o n d s   to   and  l i e s   o n  
a b o u t   h a l f   of   t h e   pad  p o r t i o n s   34  and  35,   r e s p e c t i v e l y .  

A  PSG  p r o t e c t i v e   f i l m   ( n o t   shown)   h a v i n g   a  t h i c k n e s s   o f  

1 .0   µm  i s   f o r m e d   on  t h e   e x p o s e d   s u r f a c e s   of  t h e   f u s e   3 1 ,  

t h e   SiO2  f i l m   32 ,   and  t h e   a l u m i n u m   c o n d u c t o r   l i n e s   36  

and  37,   by  a  CVD  m e t h o d .  

When  a  p u l s e   v o l t a g e ,   as  shown  in  F i g .   5,  i s   a p p l i e d  

a c r o s s   t h e   c o n d u c t o r   l i n e s   36  and  37  to   b l o w   t h e   f o r m e d  

p o l y c r y s t a l l i n e   f u s e   31 ,   t h e   c e n t e r  p o r t i o n  3 3   i s   b l o w n  

b e t w e e n   t h e   g r o o v e s   38  and  39  and  s i m u l t a n e o u s l y   t h e   PSG 

f i l m   i s   a l s o   b r o k e n   to   f o r m   an  o p e n i n g ,   as  can   be  s e e n  

in  t h e   SEM  p h o t o g r a p h s   shown  in  F i g s .   7  and  8 .  

When  a  ramp  v o l t a g e   w h i c h   i s   i n c r e a s e d   a t   a  c o n s t a n t  

r a t e   of   104  V / s e c   to   a  p e a k   v a l u e   o f . 3 4   V  i s   a p p l i e d  

a c r o s s   t h e   c o n d u c t o r   l i n e s   36  and  37,   in   a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n ,   t h e   c e n t e r   p o r t i o n   33  i s   b l o w n   a t  

a  v o l t a g e   of   27  V,  b u t   t h e r e   i s   no  c o r r e s p o n d i n g  

o p e n i n g   in   t h e   PSG  f i l m   on  t h e   b l o w n   f u s e ,   as  can   b e  

s e e n   in   t h e   SEM  p h o t o g r a p h   shown  in  F i g .   9.  The  f u s e   i s  

e x a m i n e d   w i t h   an  o p t i c a l   m i c r o p h o t o g r a p h .   The  r e s u l t   o f  

t h i s   e x a m i n a t i o n   can   be  s e e n   in   t h e   p h o t o g r a p h   s h o w n  

in   F i g .   10.  The  c e n t e r   p o r t i o n   33  of  p o l y c r y s t a l l i n e  

s i l i c o n   i s   c l e a r l y   b r o k e n   ( o p e n e d ) ,   and  t h e   c o n d u c t o r  

l i n e s   36  and  37  a r e   d i s c o n n e c t e d .  

In  t h e   c a s e   of   t h e   m e t h o d   of   b l o w i n g   a  f u s e  

a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n ,   t h e   f u s e   can   b e  

b l o w n   w i t h o u t   b r e a k i n g   t h e   p r o t e c t i v e   f i l m   f o r m e d   o n  

t h e   f u s e ,   so  t h a t   i t   i s   n o t   n e c e s s a r y   to   r e - f o r m   t h e  

p r o t e c t i v e   f i l m .  

I t   w i l l   be  o b v i o u s   t h a t   t h e   p r e s e n t   i n v e n t i o n   i s  



n o t   r e s t r i c t e d   to   t h e   a b o v e - m e n t i o n e d   e m b o d i m e n t s   a n d  

t h a t   many  v a r i a t i o n s   a r e   p o s s i b l e   f o r   p e r s o n s   s k i l l e d  

in  t h e   a r t   w i t h o u t   d e p a r t i n g   f r o m   t h e   s c o p e   of   t h e  

i n v e n t i o n .  



1.  A  m e t h o d   of  b l o w i n g   f u s e s   in  an  i n t e g r a t e d  

c i r c u i t   p r o v i d e d   w i t h   f u s e s   w h i c h   a r e   f o r m e d   on  a n  

i n s u l a t i n g   f i l m   on  a  s u b s t r a t e ,   a r e   c o n n e c t e d   to   c o n d u c t o r  

l i n e s ,   and   a r e   c o v e r e d   by  a  p r o t e c t i v e   f i l m ,   c o m p r i s i n g  

t h e   s t e p   of   s e l e c t i v e l y   and  e l e c t r i c a l l y   b l o w i n g   s a i d  

f u s e s   w i t h o u t   b r e a k i n g   s a i d   p r o t e c t i v e   f i l m   by  u s i n g   a  

ramp  v o l t a g e   as  an  a p p l i e d   v o l t a g e .  

2.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d  

ramp  v o l t a g e   i n c r e a s e s   l i n e a r l y   in  v a l u e   a t   a  r a t e   o f  

f r o m   103  to   105  V / s e c   to   a  p e a k   v a l u e .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   2,  w h e r e i n   s a i d  

f u s e   i s   b l o w n   b e f o r e   s a i d   a p p l i e d   v o l t a g e   a t t a i n s   t h e  

p e a k   v a l u e .  

4.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

w h e r e i n   s a i d   f u s e s   a r e   made  of   a  m a t e r i a l   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of  p o l y c r y s t a l l i n e   s i l i c o n ,   N i C r ,   T i W  

and  P t S i .  

5.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

w h e r e i n   a t   l e a s t   p a r t s   o f   r e s p e c t i v e   s a i d   c o n d u c t o r   l i n e s  

a r e   made  of   a  m e t a l   s e l e c t e d   f r o m   t h e   g r o u p   c o n s i s t i n g   o f  

a l u m i n i u m   and  a l u m i n i u m - b a s e   a l l o y .  

6.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

w h e r e i n   e a c h   of  s a i d   c o n d u c t o r   l i n e s   c o m p r i s e s   a  d o p e d  

p o l y c r y s t a l l i n e   s i l i c o n   l i n e   and   an  a l u m i n i u m  p i e c e  

c o n n e c t i n g   t h e   f u s e   and   t h e   d o p e d   p o l y c r y s t a l l i n e   s i l i c o n  

l i n e .  

7.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   s a i d  

p r o t e c t i v e   f i l m   i s   made  of   a  m a t e r i a l   s e l e c t e d   f r o m   t h e  

g r o u p   c o n s i s t i n g   of   p h o s p h o s i l i c a t e   g l a s s ,   s i l i c o n   d i o x i d e ,  

and   s i l i c o n   n i t r i d e .  

8.  A  m e t h o d   a c c o r d i n g   to   any  p r e c e d i n g   c l a i m ,  

e m p l o y e d   f o r   w r i t i n g   i n f o r m a t i o n   i n t o   a  f u s e   t y p e   ROM. 
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